Objective: It is unclear whether frailty adversely affects treatment outcomes in patients with critical limb ischemia (CLI). The aim of this study was to investigate the influence of frailty on CLI patients after revascularization.
Frailty is a clinical syndrome secondary to the decline of physical activity level or cognitive function that leads to adverse outcomes. 1, 2 Previous reports have shown the influence of frailty on outcome after revascularization in patients with peripheral arterial disease. 2, 3 However, no reports exist that examine the influence of frailty on patients with peripheral arterial disease limited to critical limb ischemia (CLI). A modified Frailty Index (mFI) was used as an indicator for the presence of frailty in these studies. 2, 3 Although a cutoff of 0.25 in the mFI was used previously, 3 because of various comorbidities, almost all CLI patients' conditions may be considered to correspond to frailty according to the criteria of the mFI. Therefore, the mFI may not be an appropriate prognostic factor after revascularization of CLI patients. We therefore examined the influence of frailty on 2-year amputation-free survival (AFS) in CLI patients after revascularization by a new criterion of frailty for CLI patients.
METHODS
Patients. Between 2007 and 2015, 266 patients and 325 limbs underwent infrapopliteal revascularization at the Department of Vascular Surgery, Matsuyama Red Cross Hospital. Approval for this project was obtained from the Institutional Review Board for Research on Human Subjects. Informed consent was not obtained owing to limitations such as death of the patient and loss of contact. Retrospective analysis was performed on patients' data obtained from medical, operative, and radiology records. Patients with acute limb ischemia were excluded from this analysis.
Study end points. The primary study end point was 2-year AFS. The secondary end points were occurrence of Clavien-Dindo class IV complications and 30-day or hospital mortality. Clavien-Dindo class IV complications were defined as life-threatening or requiring critical care management, including graft failure. 4 Treatment selection. Selection of endovascular therapy (EVT) or bypass surgery as the first treatment strategy was decided by consultation between three vascular surgeons from our department. This treatment decision was mainly based on preoperative general status, ambulatory condition, availability of an autologous vein, and grade of tissue defect. EVT was selected as a first approach if the The editors and reviewers of this article have no relevant financial relationships to disclose per the JVS policy that requires reviewers to decline review of any manuscript for which they may have a conflict of interest.
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http://dx.doi.org/10.1016/j.jvs.2017.04.048 patient was of advanced age, had short lesions in crural vessels, was of nonambulatory status, and had significant comorbidities (such as congestive heart failure, severe aortic valve stenosis, and chronic pulmonary obstructive disease). Bypass was selected as a first strategy in patients with long lesions and with an acceptable preoperative risk. Primary amputation was selected in patients with all of the following factors: Rutherford category 6, bedridden, arthrogryposis, and impaired sensorium. Primary amputation patients were excluded from this study.
Definitions. The mFI was determined on the basis of the presence of 11 items from the American College of Surgeons National Surgical Quality Improvement Program (NSQIP) database. 5 Congestive heart failure was defined according to the mFI items of the NSQIP in addition to ejection fraction <50% by ultrasound examination. Hemoglobin and C-reactive protein levels were examined on admission. The target vessel to the tibial or peroneal artery was defined as infrapopliteal revascularization. Isolated below-the-knee disease was defined as being localized in infrapopliteal arteries with >75% diameter stenosis on angiography. According to our new diagnostic criterion of frailty (ie, the CLI Frailty Index), a patient was defined as CLI frailþ if two or more of the following were present: low Geriatric Nutritional Risk Index (GNRI), low skeletal muscle mass index (SMI), or nonambulatory status. The GNRI was calculated from each individually obtained height, body weight, and serum albumin level on admission as follows: GNRI ¼ 14.89 Â albumin (g/dL) þ 41.7 Â body weight/ideal body weight. 6 The ideal body weight was calculated from height and a body mass index (BMI) of 22 kg/m 2 . The optimal cutoff value was determined using receiver operating characteristic curve analysis. The patients were divided into two groups, low GNRI group (GNRI # 89. Statistical analysis. Categorical variables were assessed using Fisher exact test. Continuous variables were assessed using Student t-test or Mann-Whitney U test. To assess AFS, the Kaplan-Meier life-table method was used, and comparisons were made using log-rank analysis. Univariate and multivariate Cox proportional hazards models were used to examine the unadjusted and adjusted association of preoperative characteristics with 2-year AFS. Multivariate logistic regression analyses were performed to obtain unadjusted and adjusted odds ratios for 30-day mortality and morbidity. Receiver operating characteristic curve analysis was used to compare the effectiveness of the CLI Frailty Index with that of the mFI to predict 2-year AFS after revascularization. The area under the curve (AUC) was used to examine the effectiveness of the CLI Frailty Index and the mFI. Youden index was used to determine the inflection point of the AUC analysis. The association of the CLI Frailty Index with 2-year AFS was examined by random sampling of 66% of the data, with the remainder used to internally validate the data. Statistical significance was considered to exist at a P < .05. All statistical analyses were conducted using the JMP 10 software program (SAS Institute, Cary, NC).
RESULTS
During the study period, 266 patients and 325 limbs underwent infrapopliteal revascularization. During the same period, primary amputation was performed in 111 patients and 124 limbs (above-knee amputation, 84; below-knee amputation, 40). Group characteristics are shown in Table I . The average age was 72.5 6 10.5 years in the CLI frailÀ group and 77.8 6 9.5 years in the CLI frailþ group (P < .001). Fontaine IV was 83.4% in the CLI frailÀ group and 94.4% in the CLI frailþ group (P ¼ .005). The percentage of nonambulatory patients was 36.8% in the CLI frailÀ group and 89.1% in the CLI frailþ group (P < .001). The average of an mFI point was 5.24 6 1.59 in the CLI frailþ group and 4.26 6 1.41 in the CLI frailÀ group (P < .001). The percentage of impaired sensorium patients was higher in the CLI frailþ group than in the CLI frailÀ group (P < .001). EVT as a first treatment approach was selected in 79.6% of patients in the CLI frailþ group vs 71.4% of patients in the CLI frailÀ group (P ¼ .14). Bypass was performed as a first treatment strategy in 20.4% of patients in the CLI frailþ group vs Recommendation: This study suggests use of the proposed CLI Frailty Index to predict outcome and to select type of infrapopliteal revascularization for CLI.
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28.6% of patients in the CLI frailÀ group (P ¼ .14). No differences were found in length of hospital stay and number of readmissions between the two groups.
The average age was higher in the group that received EVT as a first treatment strategy compared with that of the group that first received bypass surgery (P < .001). In the same endovascular group, the percentage of cerebrovascular disease was higher (P ¼ .005), whereas there were no differences in Fontaine classification, the CLI Frailty Index, and the mFI. In the group that received EVT first, bypass conversion was performed in 25 limbs (frail, 4 limbs; nonfrail, 21 limbs) because of the need for limb salvage. The average age was higher in the bypass conversion group compared with the group that received bypass first (P ¼ .03). However, no differences were found in other factors, such as comorbidities, Fontaine classification, the CLI Frailty Index, and the mFI. Significant differences were not observed in AFS 2 years after initial revascularization between the group that received bypass first and the bypass conversion group.
The Kaplan-Meier curves in Fig 1 demonstrate AFS . The AFS rate at 1 year and 2 years after revascularization was 81.8% and 72.9% for the CLI frailÀ group vs 45.8% and 34.0% for the CLI frailþ group (P < .001). high proportion of cause of death, followed by pneumonia. Table III shows univariate and multivariate analysis of risk factors for 2-year AFS in random sampling data (n ¼ 175). The CLI Frailty Index (HR, 2.90; 95% CI, 1.70-4.95; P < .001) and EVT (HR, 2.27; 95% CI, 1.23-4.61; P ¼ .007) were risk factors for AFS 2 years after revascularization. However, only the CLI Frailty Index (HR, 3.01; 95% CI, 1.39-6.75; P ¼ .005) was a risk factor for 2-year AFS in the remaining data (n ¼ 91; Table IV) . Table V shows multivariate analyses of risk factors for morbidity and 30-day or hospital mortality. Only the CLI Frailty Index was a risk factor for morbidity (HR, 3.21; 95% CI, 1.45-7.27; P ¼ .004) and mortality (HR, 6.32; 95% CI, 1.43-43.7; P ¼ .01). 
DISCUSSION
This study examined the influence of a new diagnostic criterion of frailty on treatment outcomes in CLI patients after revascularization. This CLI Frailty Index was found to affect 2-year AFS, complications, and 30-day or hospital mortality after revascularization in CLI patients.
The CLI Frailty Index was established by referring to the diagnostic criteria of Fried. Fried's research group defined frailty using five items, as follows: weight loss >5%, slow walking speed, low physical activity level, muscle weakness, and subjective symptoms of exhaustion. The presence of three or more of these items was defined as frailty. 9 In this study, weight loss >5% was evaluated by the GNRI. Ambulatory status was used to encompass slowness and low physical activity level. Muscle weakness was evaluated by using the SMI. Subjective symptoms of exhaustion were not considered in this study. We defined frailty as the presence of two or more of the following: low GNRI, low SMI, or nonambulatory status. Furthermore, CLI patients suffered from rest pain or ulcers and gangrene, and thus decreased walking speed and activity levels were observed. Therefore, the diagnostic criteria of frailty proposed by Fried are considered unsuitable for CLI patients. However, the CLI Frailty Index is simple to use and easily applicable to daily clinical practice. We validated the CLI Frailty Index by using two-thirds of our data, with the remainder used to internally validate the data. Furthermore, the CLI Frailty Index was compared with the mFI. The mFI comprises 11 indices that were created by the American College of Surgeons NSQIP database to assess frailty. The mFI was a risk factor of mortality after open aneurysm repair, carotid endarterectomy, and infrainguinal vascular surgery; however, the efficacy of the mFI in CLI patients remains unknown.
2,3
The mFI is complex because it consists of 11 indices, and therefore there are many factors to consider. Compared with the mFI, the CLI Frailty Index is simple to use and reflects 2-year AFS, complications, and mortality after revascularization in CLI patients. Furthermore, the CLI Frailty Index could be evaluated by serum albumin level, BMI, and ambulatory status, thereby making it easily applicable to daily clinical practice.
To evaluate muscle mass, computed tomography (CT) was necessary. However, CT was not performed in the preoperative examination for all CLI patients. Rather, SMI was used as an alternative to determine sarcopenia in this study. 7, 8 Sanada et al examined prediction models of sarcopenia in 1894 Japanese participants aged 18 to 85 years. A simple calculation model was developed by anthropometric measurement and appendicular muscle mass measured by dual-energy X-ray absorptiometry. Prediction equations were calculated by using two or three variables (waist circumference, handgrip strength, or age); however, in our study, SMI was estimated by prediction equations using one variable. Muscle weakness or SMI could be evaluated more accurately if prediction equations were measured by multivariate variables or CT.
Cognitive function was considered to be another diagnostic criterion of frailty. 10 Few reports exist concerning delirium focus in CLI patients. Postoperative delirium was associated with an increase in postoperative complications, decrease in ability to function, prolonged hospital stay, and increase in health care costs for other medical care, such as orthopedic or cardiothoracic surgery. 11, 12 In this study, impaired sensorium was not associated with complications, operative mortality, and 2-year AFS after infrapopliteal revascularization. Compared with the mFI, our new diagnostic criterion of frailty, the CLI Frailty Index, better distinguished 2-year AFS, complications, and 30-day mortality after revascularization in CLI patients. These results should be useful for decision-making in selecting either bypass surgery or EVT as the first treatment strategy. The Bypass vs Angioplasty in Severe Ischaemia of the Leg (BASIL) trial in 2005 showed that surgical revascularization was recommended for CLI patients who were likely to survive >2 years after revascularization. 13 We recommend bypass as a first treatment strategy for nonfrail patients diagnosed according to the CLI Frailty Index. Our study has several limitations. First, it was a singlecenter retrospective study. Although the CLI frailþ group was characterized as being of advanced age, with high proportions of Fontaine IV and EVT, only frailty as diagnosed by the CLI Frailty Index and hemodialysis were significant preoperative risk factors for 2-year AFS on multivariate analysis. Second, muscle weakness cannot always be diagnosed accurately by SMI. If SMI is evaluated by CT instead of prediction equations, muscle weakness could be evaluated more accurately. A randomized trial, the BASIL-2 trial, is currently recruiting and may answer the several questions raised in this manuscript. Despite these limitations, the CLI Frailty Index is a more reliable predictor for risk factors for 2-year AFS than the mFI in CLI patients after revascularization. Furthermore, these results were based on real-world data in Japan, including a high percentage of hemodialysis-dependent patients, and all CLI treatment included bypass surgery, EVT, and minor or major amputations at our department. The CLI frailÀ patients are expected to have a fairly good prognosis; therefore, bypass as a first treatment strategy may be appropriate in nonfrail CLI patients. Our study adds to the knowledge base of preoperative prognostic factors and treatment selection for revascularization in CLI patients.
CONCLUSIONS
We introduced a new diagnostic criterion of frailty, the CLI Frailty Index, that is useful for determining risk factors for 2-year AFS. The CLI Frailty Index could be useful for decision-making in selection of bypass surgery or EVT as a first treatment strategy. 
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